Background: Both competitive and recreational sports are considered a positive practice that is good for human health and quality of life, so it is difficult to understand how young, energetic and apparently healthy people can die while playing their usual sports. When these events occur in elite athletes during monitored events, they normally receive considerable media attention. Objective: To describe the case of sudden death in a young professional athlete who was successfully aided and resuscitated outside our hospital, and to review the literature about sudden death in sports. Materials and Method: We searched for Sudden Death (according to the International Classification of Diseases (ICD-9 and ICD-10)) in our hospital but found no other relevant cases. We performed a literature search on the state of the art in sudden death (Google Scholar, PubMed, LILACS, Scielo and the Revista Española de Cardiología). Results: Although we observed that the prevalence of sudden death is not very high, it still represents a potentially avoidable event. An adequate medical examination prior to regular sporting practice can decrease the incidence of sudden death in athletes under the age of 35. Data available in the literature support medical check-ups that include history-taking, physical examination and electrocardiogram. The findings of this evaluation may also prompt further assessment (electrocardiograph, ergometry). Conclusions: We could not identify standard, obligatory guidelines for screening possible heart diseases causing cardiorespiratory failure and sudden death. As a measHow to cite this paper: Caparrós-Hernández, M.E., García-Fernández, M., Miró-Vicedo, C., del Mar Ponce-Abellán, M., Ruso-Ruso, A., Jover-Ríos, M.D., Méndez-Mora, J., Caparrós-Hernández, F., Seguí-Pérez, C., Seguí-Pérez, M., Esteve-Atiénzar, P., Peris-García, J., Bonet-Tur, D., RoigRico, P., Pérez-Fullana, A. 68 Health ure for primary prevention, we propose a protocol for reducing the risk of sudden death in athletes.
Introduction
Sudden death (SD) is defined as an unexpected fatal event that occurs in an apparently healthy person. It is quite rare in people under the age of 35, and its importance is relative given the low prevalence. Nevertheless, these deaths in young people are very jarring for the population at large. Thus, it is necessary to invest sufficient resources to address the problem through a multidisciplinary approach, identifying individuals at high risk who may benefit from preventive treatment strategies [1] .
The relationship between SD and sports is time-bound, as most of these events occur during or immediately after training or competition. These cases consistently make headlines in sports media, generating uncertainty in this community, as it is difficult to understand how young, energetic and apparently healthy people can die while playing their usual sports. Cardiovascular diseases are the most frequent cause of SD (both in athletes and in the general, non-athletic population). Among young, fit athletes with adequate training, diverse cardiovascular diseases have been identified as the cause of SD, including atheromatous heart disease, arrhythmogenic cardiomyopathy (AC), myocardial fibrosis, hypertrophic cardiomyopathy, idiopathic left ventricular hypertrophy (LVH), aortic valve disease, anomalies of the coronary arteries, and vascular pathologies. Depending on the case series and country, there is some etiological variation. Thus, a standardized and straightforward screening protocol should be implemented in order to identify (or at least raise the suspicion of) potentially risky cardiovascular diseases [2] .
People who play sports can be classified into amateurs (those taking part in an informal, leisure time activity for fewer than 10 hours a week and without a regular calendar of competitive sporting events) and competitive athletes (with regular, scheduled training for more than 10 hours a week; following an official calendar of individual or group competitions, at local, regional, national, or international level). A subgroup in the latter category is made up of professional or elite athletes who pursue constant perfection in competitive sports organized by different national or international sporting leagues or federations [1] . The aims of this paper are to briefly describe a case of SD in a young professional athlete who was treated in our hospital, and to review the literature about sudden death in sports. 
Epidemiology
SD has a low incidence in athletes, ranging from 1:80,000 to 1:200,000 per year [3] . However, the social and mass media impact generates an exaggerated per- events per 100,000 population per year, depending on the cause [4] . Another retrospective study in the United States, with 27 years of follow-up (1980 to 2006), reported an incidence of 0.9 per 100,000 population per year [5] .
In Europe, epidemiological data on SD have been published in Norway (incidence 0.9 per 100,000 population per year) and Germany (1.2 per 100,000 popu-lation per year) [6] [7] . The epidemiology varies according to factors such as age, sex, and ethnicity [8] . The proportion of incidence between men and women under the age of 35 is 5:9, depending on the source of the data, and it ranges from 2.75% of young women athletes in Italy [9] to 4.95% in women in the United States [10] . When the registry also considers the population over 35 years of age, the proportion of women rises 8% of females in the English registry, with ages ranging from 7 to 67 years [11] . With regard to ethnicity, in the United States annual incidence of SD in African American athletes oscillates from 1:3100 to 1:21,400-three times the incidence in white athletes.
There does not appear to be a particular sport that puts athletes at higher risk of SD. The prevalence of different sports in SD registries is directly related to the popularity of the sport in that country. In Spain, the sports that appear most frequently in association to SD are also the most popular: cycling, football (soccer), indoor football, handball, basketball, and track & field. Football was also the top sport linked to SD in Italy [9] . In the United States, the highest incidence occurred in the most popular university sport: basketball (in 25% of the cases for unknown reasons, and in 8%, due to hypertrophic cardiomyopathy [HCM]) [12] .
Seasonal factors are also at play. Among competitive athletes, SD events occurred most frequently during the autumn and spring and in the early afternoon, while amateurs experienced the most events early in the morning or late in the afternoon, coinciding with the most frequent times of day when people exercise [13] .
Etiology, Diagnosis, and Treatment
Athletes' age and nationality mark certain etiological differences, with variations in the underlying cause of the SD event in each case. Among US athletes, the primary cause of death is HCM, responsible for about 36% to 37.5% of the cases [14] [15] . In Italy, AC is the most frequent culprit (22.4%) [16] , and in Ireland it is acute coronary syndrome (ACS), even in athletes under the age of 35 (27.2%) [17] . Among Swedish athletes, congenital anomalies of the coronary arteries (CACA) and HCM each account for 16.7% of the cases of SD [18] , although in a plurality of athletes under the age of 35 in this setting, the cause of death is unknown (31.2%) [2] . On the other hand, in people aged over 35, the most common cause of SD is ACS (79.3%) [19] .
In the Spanish population, there is not enough available data to accurately determine the most frequent etiologies underlying this phenomenon, in part due to the failure to perform adequate anatomopathological cardiac examination in some athletes and in part to differences in the microscopic diagnostic criteria used [20] . In young (<35 years) Spanish athletes belonging to sports federations, the most frequent cause of SD is AC (21.8%), followed by LVH (9.3%), HCM (6.2%), CACA (6.2%), ACS (6.2%), and others (aortic stenosis, conduction disturbances, myocarditis, etc.) [19] .
AC or Arrhythmogenic Right Ventricle Dysplasia (ARVD)
This disease is characterized by the gradual replacement of the right ventricle myocardium with fibroadipose tissue, which is responsible for the appearance of re-entry circuits. The annual rate of SD in AC is about 1% to 3%; the people at the highest risk are those with a history of unexplained fainting (syncope), a family history of SD, onset of symptoms at a young age, and participation in competitive sports. In many cases, the disease has a benign course, with well-tolerated arrhythmias. It presents with ventricular arrhythmias, generally monomorphic ventricular tachycardia with left bundle branch block morphology. It is notable that most cases have a family history of SD (autosomal dominant inheritance with variable penetrance and expression). In the cardiac assessment, some of the structural and functional characteristics of the right ventricle entail significant challenges for diagnosis with transthoracic echocardiography (TTE).
In this pathology, the ECG is the key to diagnosis, showing a characteristic pattern with inverted T waves and prolonged QRS complex with epsilon waves in the right precordial leads.
Treatment includes drugs (the beta-blockers sotalol and/or amiodarone), IAD (the best choice in patients rescued from cardiorespiratory failure, those with poorly tolerated arrhythmias, and patients at high risk), radiofrequency ablation, and heart transplant [20] [21] . Intense physical activity is discouraged [22] .
Hypertrophic Cardiomyopathy (HCM)
HCM is a hereditary disease causing an increase in the thickness of the cardiac walls, mainly in the left ventricle, leading to left ventricle hypertrophy (LVH) with no dilation in the cavity. This is the first cause of SD in young people worldwide (including in athletes) without symptoms or a history of cardiac disease [23] .
The final mechanism of SD is not fully understood. Different authors have postulated a number of possible causes, including the frequent appearance of both ventricular and supraventricular arrhythmias that produce tachycardia, diastolic dysfunction of the left ventricle, or myocardial ischemia due to a mismatch between the needs of the hypertrophic myocardium and the insufficient degree of vascularization, which moreover undergoes an important systolic compression or a blockage in the left ventricle outflow tract.
The diagnostic approach involves an ECG, a Holter test, and a TTE. The stress test has little value in the diagnostic or prognostic study [23] . The TTE may or may not show an obstruction to the left ventricle outflow tract or the presence of LVH (this could be a normal finding in highly trained athletes, as practicing sport induces adaptive cardiovascular changes (physiological LVH, or so-called "athlete's heart")) [24] .
It is difficult to identify which patients are at risk for SD, as there are no established criteria for predicting such an event. Thus, any recommendation regarding physical activity in people with HCM should be conservative. In general, all sports are contraindicated, and patients should only participate in activities with low static and dynamic load [23] .
Numerous drugs have been tested as prophylaxis for SD in people with HCM, but none have been shown to effectively reduce risk. IADs are the only treatment with a demonstrably high efficacy in preventing SD in high-risk patients. Indications for IADs as primary prevention differ considerably according to country, health system, access to the devices, and different experts' opinions. European authors have stated that the most ominous prognoses are associated with two or more risk factors. Amiodarone is used when the IAD is not available or when the patient refuses its implantation [25] .
Long QT Syndrome (LQTS)
LQTS is a heart disease that can be classified within the so-called "channelopathies." The diagnosis of LQTS includes not only the presence of a QT interval of more than 0.44 or 0.45 seconds, but also associated clinical signs (fainting), a family history of SD, and other ECG disturbances (repolarization alterations and arrhythmic episodes). The increase in sympathetic activity associated with physical activity also predisposes people to ventricular fibrillation and syncope. As a result, only moderate physical activity is advised, and participation in intense or competitive sports is prohibited. A diet rich in potassium is also recommended [23] .
There is no cure for this disease, and no treatment can restore the QT interval to normal values. However, beta-blockers and/or an IAD (depending on the patient) can help to prevent SD events and notably improve patients' chances for survival [25] .
Current Athletic Situation
In Spain, football, indoor football, basketball, handball, and track & field are currently the top five competitive sports, so we reviewed the obligation to assess professional or elite athletes in these respective sports federations. We found that although the Spanish Society for Sports Medicine (FEMEDE) has put forward proposals to establish a single standard medical examination for all sports, this measure has not been implemented. Moreover, the Ministry of Education, Culture and Sport approved a sports law in 1990 (Act 10/1990), stipulating that the High Council on Sports could require Spanish sports federations to have athletes undergo medical examinations before granting licenses to participate in official competitions recognized by the state. However, as these mandates have not been formalized to date, each sports federation decides for themselves whether or not to comply with these bodies' recommendations [26] . However, in the highest tiers of the sports leagues mentioned above, the basic exam is lengthened, with a more detailed anamnesis and physical exam, plus other more specific tests: blood tests, ECG, ergometry, and sometimes even a Holter test or TTE. This more comprehensive assessment depends on each club's interest and economic means.
Current Evidence for Performing Tests
Various articles have reviewed the available scientific evidence on primary prevention of SD in athletes with the aim of identifying which tests should be performed during the medical exam preceding sporting activity. In Europe, Corrado [27] analyzed the incidence of this problem in young competitive athletes before and after the implementation of a national plan for medical monitoring in Italy. The check-ups became mandatory in 1982 and included a personal and family medical history, a physical examination, and an ECG. In the period preceding these mandatory controls, the incidence of SD was 3.6 events per 100,000 population per year, compared to 0.4 per 100,000 population per year after implementation of the program [27] . Thus, the incidence of SD in young athletes decreased by 89%.
Because the causes of SD are mainly cardiologic [28] However, the effectiveness of the ECG may vary from one country to another depending on the most frequent cause of sudden cardiac death in each setting.
Considerable controversy exists with regard to performing a TTE in an initial pre-participation examination. Some data support including this test in a screening protocol, as it would enable the detection of some of the most important causes of SD, such as cardiomyopathies, anomalies in the coronary arteries, and conditions affecting the aorta. However, to date no study has been able to demonstrate that this test is cost-effective. Thus, the sensitivity that the TTE would bring to the diagnosis of cardiomyopathies does not seem to add enough value to justify the cost of including it in a mass screening program [32] .
Discussion
Galvanized by a case of SD in a young elite athlete who was treated in our institution after being successfully resuscitated outside our hospital, we have reviewed the data available in the literature with regard to this phenomenon as it relates to sporting activity. In Spain, regulatory laws stop short of mandating pre-participation check-ups, but they do recommend that athletes belonging to national sports federations undergo a standard medical examination. Many papers indicate that one of the biggest challenges in diagnosing heart disease in these athletes lies in the interpretation of the ECG that the attending physician performs. A certain level of specialized expertise is necessary to detect and differentiate normal physiological patterns in athletes (athlete's heart) from pathological patterns. To optimize ECG readings in sports medicine, we recommend implementing professional training for interpreting ECG patterns in athletes.
In the area of secondary prevention, Marijon [33] highlighted the most important predictors for surviving an SD event in the hospital after first response in the community: having promptly received CPR and defibrillation. Thus, we would also propose the development and implementation of policies targeted to increasing the availability of defibrillators in sports facilities, raising awareness around their use, and educating and training the sports community in basic CPR maneuvers and the use of defibrillation.
We have observed that the etiology of SD varies by geographical location. In Spain, the main causes of this event are consistent with those reported in Italy [34] . That country successfully achieved an 89% decrease in incidence among athletes after establishing pre-participation medical check-ups that included anamnesis, physical examination and ECG. Thus, we believe that this protocol is feasible to implement on a general level in other countries as well. We underline that the target population would be under 35 years of age, when SD entails a larger impact on potential years of life lost.
Conclusion
In summary, we propose: 1) a pre-participation medical check-up for all com- 
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